The purpose of this study was to analyze the relationship between the reproducibility of holmium laser enucleation of the prostate (HoLEP) and prostate size over the learning curve. We compared the outcome among three institutions in three subgroups on the basis of the weight of tissue retrieved. There were no significant differences in operating time, efficiency of the procedure, decrease in hemoglobin level and postoperative urinary incontinence among three institutions, only in patients with prostates X20 g-o40 g retrieved. Our data indicate that HoLEP is more reproducible in patients with a moderate-sized prostate over the learning curve.
Introduction
Holmium laser enucleation of the prostate (HoLEP) has been shown to be an effective procedure that gives comparable results to TURP and open prostatectomy, with low morbidity and short hospital stay. 1 Moreover, it has been shown that HoLEP is a suitable surgical modality for any size of prostate. [2] [3] [4] [5] One of the major disadvantages of HoLEP is its steep learning curve. 6, 7 It has been considered that the learning curve is at least 50 cases without an instructor. 3, 8 HoLEP seems to be technically more difficult not only for a large but also for a small prostate; however, the relationship between the reproducibility of HoLEP, especially when carried out by a less-experienced surgeon, and prostate size has not been reported. In this study, we assessed whether HoLEP is a reproducible technique during the learning curve by comparing the outcome among three institutions in three subgroups classified according to the prostate size.
Patients and methods
We retrospectively reviewed the records of 150 patients who underwent HoLEP at three different institutions: A, B and C, one university hospital and two community hospitals. They each consisted of 50 consecutive patients, excluding three patients who were converted to TURP because of mechanical troubles, from the start of this procedure at each institution. Any of the procedure did not need conversion to TURP because of technical difficulty. All patients from each particular institution were operated by a single surgeon. Each surgeon did not have any earlier experience and did not use any training modalities except for movies of HoLEP by experienced surgeons. A mentor was not available in any of these institutions.
All patients were evaluated preoperatively on the basis of their medical history, including International Prostate Symptom Score, physical examination, including digital rectal examination, urinalysis and measurement of postvoid residual urine volume by abdominal ultrasonography. Uroflowmetry was used in all patients except in those with urinary retention. Prostatic cancer was screened for and excluded by evaluation of the PSA and prostate biopsy when necessary. All patients considered as candidates for surgical treatment were scheduled for HoLEP irrespective of the prostate size.
All prostatic adenomas were enucleated by the socalled three-lobe technique, as described earlier. 9 This procedure was carried out at a laser setting of 72-80 W (1.8-2.4 J and 30-40 Hz). The equipment included a highpower 80 W Ho:YAG laser (VersaPulse Select; Lumenis Inc., Yoqneam, Israel), a 550-mm fiber (SlimLine 550; Lumenis Inc.), a modified 26Fr Storz continuous-flow resectoscope with a working element for stabilizing the laser fiber, a Storz rigid nephroscope and a tissue morcellator (VersaCut system; Lumenis Inc.).
The following perioperative and postoperative data were recorded: operating time, weight of tissue retrieved, decrease in hemoglobin level, postoperative urinary incontinence and intraoperative complications. Urinary incontinence was assessed at 1, 3 and 6 months postoperatively. These data were compared among the three institutions. In addition, we divided the patients into three subgroups, classified according to the weight of tissue retrieved: o20 g (group 1: n ¼ 40), X20 g-o40 g (group 2: n ¼ 52) and X40 g (group 3: n ¼ 58). In each subgroup, we compared the outcomes among the three institutions.
The data are presented as the mean±s.d. The KruskalWallis test for the comparison of quantitative data and the w 2 -test for the comparison of qualitative data were used. Statistical significance was defined as Po0.05.
Results
The operating time was 175 ± 67 min in A hospital, 131±50 min in B hospital and was 107±37 min in C hospital. The weight of tissue retrieved was 53.2 ± 30.9, 26.9±17.8 and 33.8±21.5 g, respectively. The efficiency of HoLEP procedure was 0.30 ± 0.13, 0.20 ± 0.094 and 0.30±0.15 g min À1 . The decrease in hemoglobin level was 2.5 ± 1.7, 1.2 ± 1.1 and 1.6 ± 0.7 g per 100 ml. Urinary incontinence was observed in 18, 42 and 10% patients at 1 month postoperatively; in 8, 20 and 2% at 3 months postoperatively; and in 8, 2 and 2% at 6 months postoperatively. Significant differences in operating time (Po0.0001), weight of tissue retrieved (Po0.0001), efficiency of the procedure (Po0.0001), decrease in hemoglobin level (Po0.0001) and urinary incontinence at 1 and 3 months postoperatively (P ¼ 0.0004 and 0.0094), but not for urinary incontinence at 6 months postoperatively (P ¼ 0.2096), were noted.
Comparisons of outcomes among the three institutions in group 1 are shown in Table 1 . Significant differences in operating time, decrease in hemoglobin level and urinary incontinence at 1 month postoperatively, but not weight of tissue retrieved, efficiency of the procedure and urinary incontinence at 3 and 6 months postoperatively were noted.
Comparisons in group 2 are shown in Table 2 . There were no significant differences for all these results.
Comparisons in group 3 are shown in Table 3 . Significant differences in operating time, efficiency of the procedure, decrease in hemoglobin level and urinary incontinence at 3 months postoperatively, but not weight of tissue retrieved and urinary incontinence at 1 and 6 months postoperatively were noted.
The incidence of intraoparative complication was quite low; two capsular perforations were encountered in group 1 patients in A and C hospitals, and a blood transfusion was required in only one group 3 patient in A hospital. There were no significant differences for the incidence among the three institutions in any group. There were no bladder perforations during morcellation.
Discussion
HoLEP has been gaining popularity as a therapeutic option for symptomatic BPH. Several randomized controlled trials have clarified that HoLEP is superior to TURP [10] [11] [12] [13] and open prostatectomy. [14] [15] [16] Other reports have documented that HoLEP is as durable as open prostatectomy at more than 5-year follow-up. 8, 14, 17 Furthermore, HoLEP has shown that efficacy and safety are independent of prostate size under about 100 or more performances.
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Kuntz 18 described that HoLEP has doubtless consigned TURP and open prostatectomy operations to the past for all urologists who manage to complete the learning curve; however, HoLEP has been perceived to be difficult to learn, 6, 7 and its difficulty seems to depend on prostate size. In contrast to TURP, it may not be so simple because it becomes increasingly difficult as prostate size increases; we also have the impression that enucleation of a small prostate requires skill. In our early series, two capsular perforations were actually observed in patients with small glands.
In this study, we analyzed the operating time, the efficiency of the procedure, decrease in hemoglobin level and postoperative urinary incontinence, which could be correlated with technical difficulty. We showed no significant differences in these outcomes among the three institutions, but only in patients with moderatesized prostates. Combining our data, the surgery followed an unremarkable course, except for greater blood loss in group 3 in A hospital, early postoperative urinary incontinence observed more frequently in B hospital, and rapid surgery and less frequent postoperative urinary incontinence in C hospital. Nevertheless, similar good results were achieved in group 2. These results were consistent with our perception that this surgery is technically more difficult not only for large but also for small prostates. To the best of our knowledge, this is the first article referring to the relationship between the reproducibility of HoLEP and prostate size.
Many earlier studies have analyzed the outcome of HoLEP for patients with large prostates, [19] [20] [21] with most indicating that HoLEP is the optimal treatment for those patients. On the other hand, few authors have evaluated HoLEP for patients with small prostates. 22 This uneven distribution probably arises from the perception that large BPH always causes problems in any surgical treatment. Therefore, it was not surprising that significant differences in efficiency of HoLEP procedure among different institutions were noted only in patients with larger prostates in this series, suggesting that different surgeons will have different learning curves for large prostates. Aho et al. 23 carried out a randomized controlled study comparing holmium laser bladder neck incision with HoLEP for prostates of less than 40 g. They showed that holmium laser bladder neck incision was faster than HoLEP, but the reoperation rate was unacceptably high for patients with prostates greater than 30 g. It is interesting that they have the sense that HoLEP is technically more difficult in men with small prostates, as was our conclusion. They described that the surgical capsule was often less distinct and the plane was somewhat more difficult to find in smaller than in larger glands. The apical plane for enucleation seems to be difficult to find in smaller prostates too. In this study, the incidence of urinary incontinence was very low in C hospital as compared with the other two hospitals. There seems to be no doubt that these results could be attributed to the differences in learning the technique Reproducibility of HoLEP over the learning curve T Haraguchi et al among the different surgeons. It is interesting that this analysis shows the incidence of urinary incontinence to be similar only in group 2, suggesting that different surgeons will have different learning curve not only for larger prostates but also for smaller prostates. Kim et al. 6 assessed the reproducibility of HoLEP by comparing the outcomes in two institutions. They analyzed operative data in 40 pairs of patients who were pair-matched by the weight of tissue retrieved, and showed no differences in enucleation time and morcellation time between the two institutions. This result indicated that HoLEP might be a reproducible procedure for experts. Several reports have shown a learning curve of at least 50 cases without an instructor. 3, 8 We analyzed the initial 50 cases, which could be treated as experiences during the learning curve. Our results indicated that HoLEP for a moderate-sized prostate might be a reproducible procedure even for a less-experienced surgeon.
We emphasize that our results do not reject the opinion that HoLEP is a size-independent procedure. In our experiences, short catheterization, short hospital stay and postoperative improvement in subjective and objective parameters were realized in patients with any size of prostate (data not shown). Moreover, only one patient required a blood transfusion in our pooled data, including seven patients whose weight of tissue retrieved was 100 g or more.
It seems difficult to acquire the technical skill for HoLEP; therefore, it is important to identify how an inexperienced surgeon learns this technique without morbidity. Our data indicate that HoLEP for a patient with a moderate-sized prostate can give a stable outcome even if it is carried out by a surgeon with no proficiency. We therefore suppose that a moderate-sized prostate is suitable for a surgeon learning this procedure. Elzayat et al. 8 commented that the surgeon became comfortable with the HoLEP technique after a mean of 20-30 moderate-sized prostates under supervision by an experienced urologist. Accordingly, a surgeon should attempt smaller or larger adenomas after having at least 10-20 experiences with medium glands. We hope that all inexperienced surgeons will master this technique while maintaining efficacy and safety. Reproducibility of HoLEP over the learning curve T Haraguchi et al
Conclusion
In this study, we showed that HoLEP was more reproducible in patients with a moderate-sized prostate than in those with a small or large prostate during the learning curve. It seems that surgeons learning this procedure should start with patients with a moderatesized prostate.
